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Objective:  To  investigate  the  association  of  blood  pressure  and  body  mass  index,  waist  cir-
cumference, waist-to-height  ratio  and  triceps  skinfold,  in  children  and  adolescents  in  Curitiba,
state  of  Paraná,  Brazil.
Methods: Cross-sectional  study  with  a  random  sample  of  1,441  students  from  public  schools,
aged from  10  to  16  years  (655  boys  and  786  girls).  The  following  indicators  were  assessed:
weight,  height,  waist  circumference,  triceps  skinfold,  systolic  and  diastolic  blood  pressures,
pubertal  stage,  and  socioeconomic  status.  Pearson  correlation  tests  and  multivariate  logistic
regression  were  used,  considering  p  <  0.05.
Results:  We  found  weak  correlations  among  all  the  anthropometric  parameters  and  systolic  and
diastolic  levels,  with  coefﬁcients  values  ranging  from  0.18  to  0.28  (p  <  0.001).  In  multivariate
analysis, only  body  mass  index  [odds  ratio  (OR)  =  2.9;  95%  conﬁdence  interval  (95%CI)  1.9-4.5]
and  triceps  skinfold  (OR  =  1.9;  95%CI  1.3-3.1)  were  found  as  predictors  of  high  blood  pressure,
regardless  of  abdominal  adiposity,  sexual  maturation  and  socioeconomic  status.
Conclusion: Total  body  adiposity  seems  to  be  a  better  predictor  of  high  blood  pressure  risk  than
abdominal fat  in  this  population.
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Indicadores  antropométricos  e  pressão  arterial  em  escolares
Resumo
Objetivo:  Investigar  a  relac¸ão  entre  pressão  arterial  e  índice  de  massa  corporal,  circunferência
abdominal, razão  cintura/estatura  e  dobra  cutânea  tricipital  em  crianc¸as  e  adolescentes.
Métodos: Estudo  epidemiológico  transversal,  do  qual  participaram  1.441  escolares  de  10  a  16
anos  de  idade  (655  meninos  e  786  meninas),  selecionados  por  amostragem  aleatória  sistemática.
Avaliaram-se  a  massa  corporal,  a  estatura,  a  circunferência  abdominal,  a  espessura  da  dobra
cutânea  tricipital,  as  pressões  arteriais  --  sistólica  e  diastólica  --  o  estágio  maturacional  e  a  classe
econômica.  Utilizaram-se  os  testes  de  correlac¸ão  parcial  de  Pearson  e  a  regressão  logística
multivariada,  considerando-se  p  <  0,05.
Resultados:  Todos  os  indicadores  antropométricos  demonstraram  fracas  correlac¸ões  com  os
níveis sistólicos  e  diastólicos,  com  coeﬁcientes  (r)  variando  de  0,18  a  0,28  (p  <  0,001).  Na  análise
multivariada,  os  únicos  preditores  antropométricos  associados  ao  risco  de  pressão  arterial  ele-
vada  foram  o  índice  de  massa  corporal  (OR  =  2,9;  IC95%:  1,9-4,5)  e  a  dobra  cutânea  tricipital
(OR  =  1,9;  IC95%:  1,3-3,1),  independentes  da  adiposidade  abdominal,  maturac¸ão  sexual  e  nível
econômico.
Conclusão:  Nesta  faixa  etária,  a  adiposidade  corporal  total  parece  ser  melhor  determinante  do
risco  de  elevac¸ão  da  pressão  arterial  do  que  a  adiposidade  abdominal.
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besity  and  excessive  central  fat  are  changes  that  precede
he increase  in  blood  pressure  in  children  and  adoles-
ents, according  to  epidemiological  investigations  that  used
igh-precision technologies  for  estimating  body  adiposity.1
owever,  due  to  the  high  cost,  limited  feasibility  and  the
isks of  radiation  exposure  provided  by  these  resources,
esearchers investigate  the  predictive  ability  of  anthropo-
etric indicators,  aiming  to  use  methods  that  are  simpler,
ractical, and  cost  effective  in  assessing  the  risk  of  high
lood pressure  in  children  and  adolescents.
Since  the  70s,  several  studies  showed  body  mass  index
BMI) as  the  best  predictor  of  high  blood  pressure  in
hildhood and  adolescence.1--4 Further  investigations  also
onsidered BMI  an  important  marker  in  the  relationship
etween blood  pressure  and  central  adiposity  indicators.5,6
n  the  other  hand,  the  accumulation  of  adipose  tissue  in
he central  region  of  the  body  has  been  considered  as  a  bet-
er determinant  for  the  development  of  high  blood  pressure
han total  adiposity.7
Currently,  however,  there  is  no  consensus  on  the  choice
f anthropometric  predictor  of  high  blood  pressure  in  this
opulation. Anthropometric  indicators  such  as  BMI,  waist
ircumference, triceps  skinfold  and,  more  recently,  the
aist-to-height ratio,  have  been  investigated  for  validity  in
redicting the  risk  for  high  blood  pressure  in  the  pediatric
opulation.3,8 Therefore,  this  study  aimed  to  investigate  the
est anthropometric  determinants  of  high  blood  pressure  in
hildren and  adolescents.
ethodshis  cross-sectional  epidemiological  research  was  conducted
n 2008  and  2009,  after  a  pilot  study.  The  sample  was




cistributed  into  ﬁve  regionals  administered  by  the  Munici-
al Secretariat  of  Education  of  Curitiba  (n  =  8,140),  and  was
elected by  systematic  sampling,  in  two  stages:
) Selection  (draw)  of  one  school  in  each  regional;
) Invitation  of  all  school  children  and  explanations  about
the  study.
The sample  size  calculation  (Epi-Info  version  3.5.1)
esulted from  the  sum  of  the  samples  calculated  for  each
egional (n  = 1,523),  for  which  we  considered:  number  of  stu-
ents enrolled  in  each  regional;  unknown  prevalence  (50%);
evel of  conﬁdence  of  95%  (95%CI);  and  sampling  error  of
%. The  evaluations  were  performed  only  on  students  who
greed to  participate  and  who  presented  the  informed  con-
ent signed  by  parents/guardians  (n  =  1,497).  Out  of  these,
6 individuals  were  excluded  for  the  following  reasons:
)  age  different  from  10  to  16  years;
) not  having  performed  all  assessments;
) use  of  drugs  and/or  presence  of  disease  that  could  alter
the  levels  of  blood  pressure.
The ﬁnal  sample  was  composed  of  1,441  children  and  ado-
escents, 655  boys  and  786  girls.  The  sampling  error  in  each
egional, calculated  a  posteriori,  ranged  from  1.2  to  1.5,
elow the  level  established  a  priori  (5%).
The  assessments  were  performed  during  the  school
eriod, by  trained  evaluators  and  using  calibrated  equip-
ent. The  techniques  to  measure  body  mass  and  triceps
kinfold were  obtained  according  to  international  norms,9
onsidering  valid  the  average  of  three  measurements.
eight was  measured  with  a  wall  stadiometer  (Wiso®, Brasil)
ith a  resolution  of  0.1  cm,  and  body  mass  was  measured
n digital  scale,  (Plenna®,  Sport,  Brazil)  with  a  maximum


















































pAnthropometric  measures  and  blood  pressure  in  school  child
assessed  student  wore  only  the  school  uniform,  without
coats or  objects  in  the  pockets.
BMI  (kg/m2)  was  used  to  classify  students  as  having  ade-
quate weight  and  overweight.10 Data  from  children  with  low
birth weight  (1.2%;  n  =  18)  were  included  in  the  adequate
weight category.
Subcutaneous adiposity  was  estimated  by  triceps  skin-
fold thickness,  using  scientiﬁc  plicometer  (Cescorf®, Brazil)
with a  resolution  of  0.1  mm.  Its  classiﬁcation  was  based
on the  reference  curve  and  National  Health  and  Nutri-
tion Examination  Survey  I  (NHANES  I)11 and  considered  high
(obese) when  corresponded  to  values  equal  or  above  the
90th percentile.12
Waist  circumference  was  obtained  with  the  use  of  ﬂexible
and inextensible  tape  measure  (Gullik®,  Brazil),  with  reso-
lution of  0.1  cm,  applied  immediately  above  the  iliac  crests.
For classiﬁcation  of  abdominal  obesity,  we  used  the  cutoff
for all  ethnicities  (waist  circumference  ≥  75◦).13 Abdom-
inal obesity  was  also  diagnosed  by  waist-to-height  ratio
(waist circumference/height),  with  cutoff  values  equal  to
or greater  than  0.5.14
The  determination  of  pubertal  stage  was  based  on
self-assessment of  pubic  hair  (P1-P5),15 once  it  is  more
reliable than  genital  self-assessment,  in  both  genders,
besides avoiding  embarrassment  and  presenting  greater
operational convenience  in  relation  to  direct  assessments.16
Schoolchildren  were  classiﬁed  as  pre-pubertal  (no  hairiness
or P1),  pubertal  (hairiness  P2-P4)  and  post-pubertal  (hairi-
ness P5).  For  the  classiﬁcation  of  post-pubertal  stage  in  girls,
reports of  menarche  were  prioritized.  The  measure  of  blood
pressure was  performed  according  to  the  recommended
techniques,17 using  a  mercury  column  sphygmomanometer
(Wan Med®,  Brazil).  Three  measures  were  obtained  with  a
minimum interval  of  2  minutes  between  them,  considering
valid the  mean  value  of  the  last  two  measures.  High  blood
pressure was  characterized  by  the  values  of  systolic  an/or
diastolic blood  pressure  greater  than  or  equal  to  the  90th
percentile or  to  120  mmHg  and/or  80  mmHg.18
The  economic  class  was  identiﬁed  by  the  Brazilian  crite-
ria of  economic  classiﬁcation.19 Due  to  the  low  percentage
of students  in  classes  A  (5.5%)  and  D  (1.5%)  and  none  in  class
E, the  eight  economic  classes  were  grouped  into  classes  A/B
(classes A1,  A2,  B1  and  B2),  and  C/D  (classes  C1,  C2  and  D).
In  statistical  analysis,  the  normality  of  data  was  con-
ﬁrmed by  the  Bivariate  Correlation  Test  (MatLab,  version
6.1), and  the  existence  of  disparate  elements  (outliers)
through Boxplots.  The  outliers  were  included  in  the  analysis
because they  corresponded  to  the  data  of  obese  or  over-
weight subjects,  which  mattered  for  the  study.
To  compare  the  anthropometric  and  hemodynamic  char-
acteristics between  genders,  Student’s  t test  was  used  for
independent samples,  investigating  homogeneity  of  vari-
ances between  groups  using  Lèvene’s  test.
In  order  to  analyze  the  relation  of  the  following  variables:
BMI, waist  circumference,  waist-to-height  ratio  and  triceps
skinfold thickness,  among  them  and  with  arterial  blood  pres-
sure (systolic  and  diastolic),  Pearson’s  partial  correlation
test was  used  with  adjustments  for  gender,  age  and  sexual
maturation.
Exploratory analysis  of  the  data  showed  no  linear  rela-
tionship between  x  and  y,  from  a  certain  point  of  its





hus,  the  multivariate  binary  logistic  regression,  determin-
ng the  odds  ratio  (OR)  and  the  respective  95%CI,  in  order
o examine  the  independent  association  of  high  blood  pres-
ure (dependent  variable)  with  the  categories  od  BMI,  waist
ircumference, waist-to-height  ratio,  and  triceps  skinfold
hickness (independent  variables).  The  models  were  built
y the  method  of  unconditional  retrograde  probability  and
djusted for  all  measures  of  adiposity,  maturational  stage
nd socioeconomic  status  (intervening  variables).
All  variables  were  dichotomized,  and  the  criterion  for
nclusion of  independent  variables  in  the  multivariate  model
as a  level  of  association  of  p  ≤  0.20  with  the  dependent
ariable, by  the  chi-square  test.
Analyses  were  performed  using  the  Statistical  Package  for
he Social  Sciences  (SPSS)  version  13.0,  considering  p  <  0.05.
his study  was  approved  by  the  Research  Ethics  Committee
f the  Department  of  Health  Sciences,  Universidade  Fed-
ral do  Paraná,  under  protocol  CEP/SD:  403.083.07.07,  in
ccordance with  the  Declaration  of  Helsinki,  and  approved
y the  Municipal  Education  Secretariat  of  Curitiba,  state  of
araná, PR.
esults
oys  showed  higher  mean  age,  height,  systolic  and  dia-
tolic pressure  than  girls  (p  <  0.05),  which  had  higher  average
aist-to-height and  triceps  skinfold  thickness  (p  <  0.05).
ean body  weight,  BMI  and  waist  circumference  were  similar
etween genders  (Table  1).
In  the  assessment  of  sexual  maturation  (n  =  1,439),
repubertal (3.8%,  n  =  55),  pubertal  (64.1%,  n  =  923)  and
ost-pubertal (32%,  n  =  461)  students  were  identiﬁed.  Com-
aring males  (n  =  653)  and  females  (n  =  786),  there  were
igher proportions  of  prepubertal  (5.2  vs.  2.7%)  and
ubertal (91  vs.  41.9%)  between  boys  and  more  post
ubertal among  girls  (3.8  vs.  55.5%)  (chi-square  =  437.020,
 =  0.000).
Analyzing  the  relationship  between  the  variables  stud-
ed, it  was  found  that  all  anthropometric  indicators  were
trongly correlated  (r  =  0.81  to  0.92,  p  <  0.001),  indicat-
ng collinearity  between  them.  Anthropometric  variables
howed weak  correlations  with  systolic  and  diastolic
ressures, with  coefﬁcients  ranging  from  0.18  to  0.28
Table 2).
From the  multivariate  analysis,  it  was  found  that  the
odel with  the  highest  predictive  validity  included  BMI
ariables, waist  circumference,  triceps  skinfold  thickness,
exual maturation,  and  economic  status  (adjustment  index
rom the  Hosmer  &  Lemeshow  model=  0.989),  with  ability
o explain  83.3%  of  cases  of  adequate  blood  pressure,  but
ot the  cases  of  high  blood  pressure  (17.3%).
Then  it  was  observed  that  the  only  variables  associated
ith high  blood  pressure  levels  were  BMI  (p  <  0.001)  and
riceps skinfold  (p  =  0.003),  independently  of  abdominal
besity, sexual  maturation  and  economic  status.  High  BMI
ncreased by  almost  three  times  the  risk  of  high  blood
ressure among  overweight  schoolchildren  (OR  =  2.9,  95%CI
.9 to  4.5)  when  compared  to  normal  weight  children.
n the  other  hand,  the  increased  thickness  of  the  triceps
kinfold doubled  the  risk  of  high  blood  pressure  (OR  =  1.9,
5%CI 1.3-3.1)  compared  to  students  with  adequate
246  Moser  DC  et  al.
Table  1  General  characteristics  of  the  sample.
Variables  Boys  (n  =  655)
Mean ±  SD
Girls (n  =  786)
Mean ±  SD
Total (n  =  1441)
Mean ±  SD
p
Decimal  age  (years)  12.7  ±  1.5  12.5  ±  1.4  12.59  ±  1.4  0.001a
Body  mass  (kg)  48.1  ±  12.5  47.1  ±  12  47.54  ±  12.2  0.13a
Height  (m)  1.55  ±  0.1  1.53  ±  0.1  1.54  ±  0.1  <  0.001a
Body  mass  index  (kg/m2)  19.8  ±  3.5  20  ±  3.9  19.9  ±  3.7  0.21a
Waist  circumference  (cm)  69.9  ±  9.2  70.6  ±  9.2  70.3  ±  9.2  0.137b
Waist-to-height  ratio 0.45 ±  0.1  0.46  ±  0.1  0.46  ±  0.1  <  0.001b
Triceps  skinfold  (mm) 14.7 ±  6.9 18.7  ±  6.6 16.9  ±  7 <  0.001b
Systolic  blood  pressure  (mmHg) 107  ±  12 105  ±  13 106  ±  12 0.003a
Diastolic  blood  pressure  (mmHg) 61  ±  10 59  ±  10 60  ±  10 0.015a
p, statistical signiﬁcance; SD, standard deviation.
a p value for different variances.
b p value for equal variances.
Table  2  Pearson  (r)  partial  correlation  for  the  studied  variables,  with  adjustments  for  age,  gender,  and  sexual  maturation  in
school  children  from  municipal  schools  in  Curitiba,  PR,  Brazil.
Variables  BMI  WC  WHR  TSF  SBP  DBP
BMI  -  0.89a 0.89a 0.81a 0.28a 0.26a
WC  0.89a -  0.92a 0.82* 0.26a 0.24a
WHR  0.89a 0.92a -  0.83* 0.19a 0.19a
TSF  0.81a 0.82a 0.83a -  0.22a 0.18a
BMI, body mass index; DBP, diastolic blood pressure; SBP, systolic blood pressure; TSF, triceps skinfold; WC, waist circumference; WHR,
waist-to-height ratio.
a Signiﬁcant correlations at level p < 0.001.
Table  3  Multivariate  odds  ratio  for  risk  of  high  blood  pressure,  adjusting  for  sexual  maturation  and  economic  status  in  school
children  from  Curitiba,  PR.
Predictors  Adjusted  odds  ratios  (95%  CI)
Body  mass  index  (adequate  weight  vs.  overweight)  2.9  (1.9-4.5)a
Waist  circumference  (<  75◦ vs.  ≥  75◦)  0.7  (0.5-1.2)
Triceps  skinfold  (<  90◦ vs.  ≥  90◦)  1.9  (1.3-3.1)b
Sexual  maturation  (P1  vs.  ≥  P2)  0.7  (0.3-1.4)





















aa Signiﬁcant association at level of p < 0.001.
b Signiﬁcant association at level of p < 0.005.
hickness.  Waist  circumference,  waist-to-height  ratio,
exual maturation,  and  socioeconomic  status  were  not
ssociated with  risk  of  high  blood  pressure  (Table  3).
iscussion
he  prevalence  of  systemic  blood  hypertension  in  the  juve-
ile population  has  increased  around  the  world,20 with
he highest  proportion  of  hypertension  observed  in  obese
choolchildren.21 Many  studies  were  conducted  to  identify
he best  anthropometric  determinant  of  high  blood  pres-
ure in  children  and  adolescents,  but  the  results  were
ivergent.2,6,22 The  present  study  aimed  to  better  clarify  this
d
o
cssue,  by  examining  the  relationship  between  blood  pressure
nd various  anthropometric  indicators  of  obesity.
The  results  showed  weak  correlations  among  all  anthro-
ometric parameters  and  systolic  and  diastolic  levels,  which
as been  observed  previously3,23 regardless  of  gender,  age
nd maturational  stage.  The  strength  of  correlations  may
ave been  affected  by  several  factors  such  as  the  multi-
ollinearity observed  in  the  data  set,  the  multiple  etiology
f high  blood  pressure,  inﬂuenced  both  by  environmental
nd genetic  factors,5 as  well  as  by  the  logistic  behavior  of
ata.
The multivariate  model,  however,  was  able  to  explain
nly the  cases  of  adequate  blood  pressure  and  not  the




















































eAnthropometric  measures  and  blood  pressure  in  school  child
adequate  blood  pressure  (82.7%)  compared  to  high  blood
pressure (17.3%)  in  the  sample  studied,  which  decreased
strength in  the  explanation  of  changed  data.  It  is  noteworthy
that the  pressure  measurements  were  taken  on  one  occasion
only, characterizing  a  limitation  of  this  study  and  a  possible
classiﬁcation bias.
This study  showed  that  the  only  anthropometric  indica-
tors independently  associated  with  blood  pressure  above  the
90th percentile  were  triceps  skinfold  thickness  and  BMI,  the
latter being  the  most  important  determinant  and  indepen-
dent of  subcutaneous  adiposity.  Children  and  adolescents
who are  overweight  were  nearly  three  times  more  likely  to
have high  blood  pressure  than  eutrophic  ones.
There  is  evidence  that  obesity  increased  the  risk  of  pres-
sure changes  in  children  and  adolescents24 and  that  BMI  is
the best  anthropometric  parameter  to  predict  this  risk.1--5 In
clinical practice,  however,  there  is  no  consensus  on  the  use
of  BMI  in  monitoring  cardiovascular  risk  factors,  once  besides
body adiposity,  BMI  may  represent  different  elements  of  the
body composition.25
In  this  research,  however,  there  was  a  strong  relation-
ship between  BMI  and  peripheral  (r  =  0.81,  p  <  0.001)  and
central body  fat  (r  =  0.89,  p  <  0.001),  which  may  be  due  to
a supposedly  not  very  signiﬁcant  lean  mass  in  the  study
population, judging  by  the  high  percentage  of  students  in
pre-pubertal (3.8%)  and  pubertal  phases  (64.1%).  This  rela-
tionship may  have  reﬂected  on  the  superiority  of  BMI  in
predicting high  blood  pressure  of  school  children  in  relation
to other  indicators  analyzed.  In  other  studies  that  identi-
ﬁed BMI  as  the  best  determinant  of  high  blood  pressure  in
children and  adolescents,  its  predictive  ability  was  higher
than that  of  skinfold  measurements.2,3
It  is  believed  that  the  use  of  critical  values  for  the  clas-
siﬁcation of  national  BMI10 gave  greater  credibility  to  the
analyzes of  this  study,  because  these  cutoff  points  exhib-
ited greater  accuracy  in  the  determination  of  high  blood
pressure in  boys  and  girls  from  10  to  17  years  compared  to
international references.26
Regarding  the  association  between  high  blood  pressure
and triceps  skinfold  thickness  observed  in  this  study,  the  lit-
erature is  sparse  and  divergent.  In  this  study,  the  risk  of  high
blood pressure  was  almost  twice  as  high  in  children  with
triceps skinfold  thickness  above  the  90th  percentile  than
those with  adequate  subcutaneous  adiposity.  Other  studies
of systematic  review23 and  meta-analysis27 also  conﬁrmed
the association  between  these  variables.  However,  triceps
skinfold in  the  upper  quartile  was  not  associated  with  risk
of high  blood  pressure  in  children  and  adolescents  of  Belo
Horizonte.2
Controversies  between  the  results  may  also  be  explained
by the  different  cutoffs  used,  causing  differences  regarding
the classiﬁcation  of  triceps  skinfold  thickness.  Moreover,
the shortage  of  studies  on  skinfold  assessments  in  Brazilian
schoolchildren, as  well  as  the  tendency  to  use  the  triceps
skinfold thickness  in  combination  with  subscapular  skinfold
thickness22,23,25 are  aspects  that  make  it  difﬁcult  to  compare
studies on  the  relationship  between  subcutaneous  adiposity
and cardiovascular  risk  factors.An  important  aspect  of  this  analysis  was  the  observation
that the  triceps  fold,  alone,  is  able  to  predict  the  risk  of
high blood  pressure.  This  ﬁnding  is  relevant  in  the  context




ubscapular  skinfold  for  screening  cardiovascular  risk  fac-
ors is  recognized,  there  are  some  operational  difﬁculties
o obtain  it,  because  it  requires  isolated  environment  to
emove the  girls’  shirts.
About  the  lack  of  association  between  blood  pressure
nd waist  circumference,  some  criticisms  about  the  cut-
ff point  used  in  this  study  may  be  highlighted,  which  may
ave distorted  the  risk  estimates  of  high  blood  pressure.16
t  is  claimed  that  these  are  not  sufﬁciently  sensitive  and
peciﬁc for  detecting  high  levels  of  blood  pressure  in  Brazil-
an children  and  adolescents,  due  to  the  strong  mixing
haracteristics of  this  population,  which  requires  speciﬁc
ritical values,  i.e.,  that  are  derived  from  references  that
ave no  ethnic  distinction,  such  as  in  the  international
ropositions.28
Some  researches  showed  the  superiority  of  waist  circum-
erence in  detecting  the  variation  on  the  values  of  blood
ressure and  proposed  new  cutoffs.23,29 However,  their  anal-
ses were  performed  in  populations  of  a  different  age  group.
Regarding  the  waist-to-height  ratio,  the  fact  that  it  is  not
ssociated to  blood  pressure  in  this  research  differs  from
igniﬁcant associations  mentioned  in  literature.3,25,29 The
eason may  be  the  cutoff  used  in  these  studies,  which  was
dequate to  the  studied  sample  (tertiles  or  quartiles),  unlike
he present  study,  which  used  the  critical  value  currently
ecommended.
Recent research  has  recognized  the  cutoff  point  of
.44 for  predicting  lipid  abnormalities  in  children  and
dolescents.4 Perhaps  the  ideal  cutoff  limit  for  the  detection
f blood  pressure  increase  is  also  smaller  than  the  current
ne, because  this  has  not  been  validated  for  the  diagnosis  of
bdominal obesity  in  the  juvenile  population.14 Therefore,  it
s possible  that  we  have  underestimated  the  cases  of  abdom-
nal obesity,  masking  the  relationship  of  blood  pressure  with
aist-to-height ratio.
Despite  discussions  about  the  validity  of  its  cut-off  point,
he waist-to-height  ratio  was  associated  with  several  cardio-
ascular risk  factors  such  as  high  blood  pressure.7,30 It  is  an
ndex that  is  representative  of  visceral  fat,7 its  classiﬁcation
s independent  of  age,  gender,  and  ethnicity,  and  it  has  the
dvantage of  considering  the  effect  of  height  on  the  vari-
tion in  waist  circumference  during  the  growth  period  and
hroughout childhood  and  adult  life.14
However,  it  is  essential  that  new  studies  seek  to  investi-
ate the  use  of  waist-to-height  ratio  during  the  growth  spurt,
ecause increased  waist  circumference  cannot  keep  up  with
he rapid  height  gain  in  pubertal  stage,  hindering  the  diag-
osis of  abdominal  obesity  when  the  measure  of  waist  is
orrected by  height.
The lack  of  association  between  high  blood  pressure  and
bdominal adiposity  indicators  in  this  study  does  not  rule
ut their  relevance  in  the  context  of  juvenile  hypertension
ecause they  were  correlated  with  systolic  and  diastolic  lev-
ls,  suggesting  a  predictive  potential.  The  period  to  which
he students  were  exposed  to  excessive  abdominal  adipos-
ty may  not  have  been  sufﬁciently  prolonged  to  the  point
f causing  increases  in  blood  pressure  levels,  which  may
xplain the  present  results.  The  validation  of  their  cutoffs
n the  pediatric  population  is  needed,  because  it  will  allow
urther studies  with  more  reliable  reference  values.
BMI  and  triceps  skinfold  thickness  were  the  best  determi-










































diposity,  sexual  maturation  stage,  and  socioeconomic  sta-
us. The  need  for  routine  measurement  of  blood  pressure
ithin the  school  environment  comes  across  difﬁculties  such
s having  adequate  equipment  and  mastering  the  measure-
ent techniques.  Therefore,  the  estimation  of  high  blood
ressure by  anthropometric  predictors  in  cross-sectional
tudies allows  the  stratiﬁcation  of  this  risk  in  a  simpler  and
o less  reliable  way.  Considering  the  easy  technique  required
o obtain  the  measures  of  weight  and  height  and  the  low  cost
hey involve,  the  use  of  BMI  seems  to  be  the  best  option  in
his context.
unding
oordenac¸ão  de  Aperfeic¸oamento  de  Pessoal  de  Nível  Supe-
ior (CAPES),  Programa  de  Apoio  a  Planos  de  Reestruturac¸ão
 Expansão  das  Universidades  Federais  (REUNI)  and  Con-
elho Nacional  de  Desenvolvimento  Cientíﬁco  e  Tecnológico
CNPq).
onﬂicts of interest
he  authors  declare  no  conﬂicts  of  interest.
cknowledgements
e  thank  the  ﬁnancial  support  received  from  Coordenac¸ão
e Aperfeic¸oamento  de  Pessoal  de  Nível  Superior  (CAPES),
rograma de  Apoio  a  Planos  de  Reestruturac¸ão  e  Expansão
as Universidades  Federais  (REUNI)  and  Conselho  Nacional
e Desenvolvimento  Cientíﬁco  e  Tecnológico  (CNPq).
eferences
1. Wang H, Necheles J, Carnethon M, Wang B, Li Z, Wang L, et al.
Adiposity measures and blood pressure in Chinese children and
adolescents. Arch Dis Child. 2008;93:738--44.
2.  Ribeiro RC, Lamounier JA, Oliveira RG, Bensenor IM, Lotufo PA.
Measurements of adiposity and high blood pressure among chil-
dren and adolescents living in Belo Horizonte. Cardiol Young.
2009;19:436--40.
3. Ribeiro RC, Coutinho M, Bramorski MA, Giuliano IC, Pavan J.
Association of the Waist-to-Height Ratio with Cardiovascular
Risk  Factors in Children and Adolescents: The Three Cities Heart
Study. Int J Prev Med. 2010;1:39--49.
4. Queiroz VM, Moreira PV, Vasconcelos TH, Toledo Vianna RP.
Prevalence and Arq Bras Cardiol. 2010;95:629--34.
5.  Kuschnir MC, Mendonc¸a  GA. Risk factors associated with arterial
hypertension in adolescents. J Pediatr (Rio J). 2007;83:335--42.
6. Alvarez MM, Vieira AC, Sichieri R, Veiga GV. Association between
central body anthropometric measures and metabolic syndrome
components in a probabilistic sample of adolescents from public
schools. Arq Bras Endocrinol Metabol. 2008;52:649--57.7.  Kahn HS, Imperatore G, Cheng YJ. A population-based compar-
ison of BMI percentiles and waist-to-height ratio for identifying
cardiovascular risk in youth. J Pediatr. 2005;146:482--8.
8.  Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH. Car-
diovascular risk factors and excess adiposity among overweight
children and adolescents: the Bogalusa Heart Study. J Pediatr.
2007;150:12--7, e2.
2
2Moser  DC  et  al.
9. Lohman TG, Roche AF, Martorell R, editors. Anthropomet-
ric  standardization reference manual. Champaign, IL: Human
Kinetics; 1988.
0. Conde WL, Monteiro CA. Body mass index cutoff points for evalu-
ation of nutritional status in Brazilian children and adolescents.
J Pediatr (Rio J). 2006;82:266--72.
1. Must A, Dallal GE, Dietz WH. Reference data for obesity: 85th
and 95th percentiles of body mass index (wt/ht2) and triceps
skinfold thickness. Am J Clin Nutr. 1991;53:839--46.
2.  World Health Organization (WHO). Expert Committee on Phys-
ical Status: the use and interpretation of anthropometry.
Geneva:  WHO; 1995.
3. Fernández JR, Redden DT, Pietrobelli A, Allison DB. Waist
circumference  percentiles in nationally representative sam-
ples of African-American. European-American, and Mexican-
American children and adolescents. J Pediatr. 2004;145:
439--44.
4.  McCarthy HD, Ashwell M. A study of central fatness using
waist-to-height ratios in UK children and adolescents over two
decades supports the simple message: ‘keep your waist cir-
cumference to less than half your height’. Int J Obes (Lond).
2006;30:988--92.
5.  Tanner JM. Normal growth and techniques of growth assess-
ment. Clin Endocrinol Metab. 1986;15:411--51.
6.  Azevedo JC, Brasil LM, Macedo TB, Pedrosa LF, Arrais RF. Com-
parison between objective assessment and self-assessment of
sexual maturation in children and adolescents. J Pediatr (Rio
J). 2009;85:135--42.
7. Sociedade Brasileira de Cardiologia-SBC, Sociedade Brasileira
de Hipertensão-SBH, Sociedade Brasileira de Nefrologia-SBN. V
Brazilian Guidelines in Arterial Hypertension. Arq Bras Cardiol.
2007;89:e24--79.
8. National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children, Adolescents. The
fourth report on the diagnosis, evaluation, and treatment of
high blood pressure in children and adolescents. Pediatrics.
2004;114:555--76.
9. Associac¸ão  Brasileira das Empresas de Pesquisa (ABEP). Critério
de classiﬁcac¸ão  econômica do Brasil. 2007. [accessed 22 Apr
2008]. Available from: http://www.abep.org
0. de Araújo TL, de Lopes MV, Cavalcante TF, Guedes NG, Moreira
RP, Chaves ES, et al. Analysis of risk indicators for the arterial
hypertension  in children and teenagers. Rev Esc Enferm USP.
2008;42:120--6.
1.  Leite N, Milano GE, Cieslak F, Lopes WA,  Rodacki A, Radomin-
ski RB. Effects of physical exercise and nutritional guidance
on metabolic syndrome in obese adolescents. Rev Bras Fisioter.
2009;13:73--81.
2. Freedman DS, Katzmarzyk PT, Dietz WH, Srinivasan SR, Beren-
son GS. Relation of body mass index and skinfold thicknesses
to  cardiovascular disease risk factors in children: the Bogalusa
Heart Study. Am J Clin Nutr. 2009;90:210--6.
3.  Bergmann GG, Gaya A, Halpern R, Bergmann ML, Rech RR, Con-
stanzi CB, et al. Waist circumference as screening instrument
for cardiovascular disease risk factors in schoolchildren. J Pedi-
atr (Rio J). 2010;86:411--6.
4. Botton J, Heude B, Kettaneh A, Borys JM, Lommez A, Bresson
JL, et al. Cardiovascular risk factor levels and their relation-
ships with overweight and fat distribution in children: the
Fleurbaix Laventie Ville Santé II study. Metabolism. 2007;56:
614--22.
5. Freedman DS, Dietz WH, Srinivasan SR, Berenson GS. Risk fac-
tors and adult body mass índex among overweight children:
them Bogalusa Heart Study. Pediatrics. 2009;123:750--7.
6.  Christofaro DG, Fernandes RA, Polito MD, Romanzini M, Ronque
ER, Gobbo LA, et al. A comparison between overweight cutoff
points for detection of high blood pressure in adolescents. J
Pediatr (Rio J). 2009;85:353--8.
ren  
2Anthropometric  measures  and  blood  pressure  in  school  child
27. Rosenthal J. Methodologic evaluation of the relation of blood
pressure and skinfold thickness: an epidemiologic approach. Rev
Saude Publica. 1989;23:322--35.28. Rosa ML, Mesquita ET, da Rocha ER, Fonseca Vde M. Body
mass index and waist circumference as markers of arte-
rial hypertension in adolescents. Arq Bras Cardiol. 2007;88:
573--8.
3249
9. Beck CC, Lopes A, da S, Pitanga FJ. Anthropometric indicators
as predictors of high blood pressure in adolescents. Arq Bras
Cardiol. 2011;96:126--33.0. Maffeis C, Banzato C, Talamini G, Obesity Study Group of
the Italian Society of Pediatric Endocrinology and Diabetology.
Waist-to-height ratio, a useful index to identify high metabolic
risk  in overweight children. J Pediatr. 2008;152:207--13.
